The electrochemical synthesis and physico-chemical properties of neutral zinc(II) complexes of bidentate Schiff bases derived from salicylaldehydes are presented together with the X-ray structure of bis[N-(4-methylphenyl)salicylaldiminato]zinc(II). The crystal is monoclinic, a = 21.877(3), b = 8.801(2), c = 12.027(5) Ä, ß = 96.55(3)°, space group C2/c. The complex is a monomer, and the zinc atom is tetrahedrally coordinated.
Introduction
In the last few years, Tuck [1] has demonstrated that metal salts of weak acids can be prepared by electrochemical oxidation of a sacrificial anode in a non-aqueous solvent. In previous papers [2] we reported the use of this method to synthesize metal complexes of Schiff bases having a weak acidic group.
This paper describes the electrochemical synthesis of zinc complexes of general formula Zn(NR-sal) 2 , where NR-sal stands for the anionic form of the Nalkyl and N-arylsalicylaldimines In addition, mixed complexes of formula Zn(NR-sal) 2 Phen, where Phen stands for 1,10-phenanthroline, have been prepared using this electrochemical method.
Although some of the compounds Zn(NR-sal) 2 have been prepared by other methods, to our knowledge, the compounds Zn(NR-sal) 2 Phen have not been synthesized before.
* Reprint requests to Prof. Dr. A. Sousa.
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Experimental
Acetonitrile was dried by refluxing over phosphorus pentoxide and distilled before use. All other reagents were used as supplied; zinc (Ega Chemie) was used as plates ca. 2x2 cm.
The Schiff bases were prepared by reacting equimolar amounts of salicylaldehyde and the amine in CHC1 3 until the theoretical amount of water was collected in a Dean-Stark trap. The isolated compounds were washed with dried ether and their purity was checked by recording their IR and 'H NMR spectra.
Electrochemical synthesis
The electrochemical method used in the synthesis of the compounds is similar to the one described by Tuck [1] , The cell was a 100 ml tall-form beaker fitted with a rubber bung through which the electrochemical leads entered into the cell. The anode, in the foil form, was suspended from a platinum wire and the cathode was a platinum wire. The ligand was dissolved in acetonitrile and a small amount of tetramethylammonium Perchlorate was added to the solution. It was found that identical results can be obtained by electrolysing solutions containing equimolar amounts of aldehyde and primary amine. For the synthesis of mixed compounds, phenanthroline was added to the solutions. During the electrolysis nitrogen was bubbled through the solution to ensure an inert atmosphere and to stir the solution phase. Hydrogen was evolved at the cathode and the formation of an insoluble compound was generally visible within a few hours, although in some cases concentration of the solution was required. At the end of electroly-sis the solid product was collected, washed with acetonitrile and ether, and dried in vacuo.
The cells used can be summarized as
The experimental conditions are set out in Table I . The content of zinc in the complexes was determined by atomic absorption spectroscopy, and the C, H and N contents determined on a Perkin-Elmer 240B microanalyzer. The analytical data are given in Table II .
Infra-red spectra were recorded in KBr mulls on a Perkin-Elmer 180 spectrometer. 'H NMR spectra were recorded on a Bruker WM 250 MHz using CDCL as solvent. The chemical shifts were determined against TMS as internal standard.
Structure analysis
A yellow prismatic crystal having the approximate dimensions 0.35x0.22x0.20 mm was attached to a glass fibre and mounted on an Enraf-Nonius CAD4 diffractometer. The cell constants were determined from the setting angles of 25 reflections in the range 11.2<6< 18.8°. The systematic absences observed suggested the space group to be C2/c or Cc. The structure refinement shows the centrosymmetric space group C2/c to be correct. With cu/20 scan mode a total of 2126 reflections were collected in the range of 0 = 3-25°. Of 2017 symmetry-independent reflections (R mt = 0.021) 1375 with I 0 >3a[I 0 ] were considered as observed and used for the refinement. LP corrections and an absorption correction were applied (max. and min. transmission factors 0.8431, 0.7811). The structure was solved by Patterson and Fourier methods. Full-matrix least squares refinement, with anisotropic thermal parameters for the heavy atoms, a common isotropic temperature factor, which refined to U = 0.074 Ä 2 for the hydrogen atoms, and an extinction correction in the form F corr = F c (l-kF c 2 /sin0) with k = 3.4-10~7, converged for 152 variable parameters to R = 0.037 and R w = 0.039. The final difference Fourier map showed no abnormal features. Scattering factors and anomalous dispersions were taken from references [3] [4] [5] . All calculations were performed on a VAX 11/780 computer using SHELX 76 [6] and ORTEP [7] ,
Discussion
The studies described above show that an electrochemical process can be used for the synthesis of compounds of general formula [Zn(NR-sal) 2 ] and [Zn(NR-sal) 2 Phen] where NR-sal stands for the salicylaldiminate anion.
The compounds obtained are yellow solids, generally well crystallized, moderately soluble in usual solvents and with melting points in the range 175-250 °C.
The electrochemical efficiency, defined as the amount of metal dissolved per Faraday of charge (mol-F -1 ), is close to 0.5 and corresponds to the process:
cathode: 2(NR-salH) + 2e --> H 2(g) + 2(NR-sal)~ anode: 2(NR-sal)~ + Zn Zn(NR-sal) 2 + 2e~ 2(NR-sal)~ + Zn + Phen -» Zn(NR-sal) : Phen + 2e~
The compounds obtained were characterized by IR and 'H NMR spectroscopy, and in the case of bis[N-(4-methylphenyl)salicylaldiminate]zinc(II) by X-ray diffraction.
A stereoscopic projection of this structure is given in Fig. 1 . Final atomic coordinates are given in Table III, and bond lengths and angles in Tables IV  and V. The zinc atom is located on a crystallographic twofold axis and is coordinated to the phenolate oxygen and the imine nitrogen of two symmetry related moieties. The metal is in a slightly distorted tetrahedral coordination. (Table IV) , are similar to those in the zinc complex with N-methyLsalicylaldimine (195 and 201 pm. respectively), vide infra, and to those found in other salicylaldiminate complexes.
A similar structure has been found in the case of N-(butyl-salicylaldiminate)zinc(II) [8] . However N-(methyl-salicylaldiminate)zinc(II) [9] is a dimer with phenolate bridges and a trigonal bipyramidal coordination around each zinc atom.
The infra-red spectra of the complexes. Table VI . are consistent with the structural data presented above. The spectra show no bands attributable to v(OH), and the characteristic phenolic v(CO) band undergoes a shift to higher frequencies. On the other hand, the band attributable to v(C=N) of the azomethine group is shifted 15-20 cm -1 to lower frequencies in all of the metal complexes. This indicates that the coordination has taken place through the oxygen and nitrogen atoms of the salicylaldiminate ligand.
The proton NMR data. Table VII, reinforce the above conclusion. The spectra of the free ligands show a peak at about 13.5 ppm, assignable to the phenolic proton, which is absent in the spectra of the complexes. The peak of the azomethine hydrogen undergoes a shift towards higher field in the complexes.
In the case of the mixed complexes. Zn(NR-sal) 2 Phen. the coordination of phenantroline is inferred from small down-field shifts for 2,9 and 3,8 protons upon coordination. This indicates that the coordination number of the zinc atom in these compounds is six. On the other hand, the NMR spectra of these compounds show an equivalence of the two nitrogen atoms of the phenanthroline which corresponds to either fluxional behaviour of the ligand or to a symmetrical environment around its halves. The NMR spectra at -60 °C are the same as those at room temperature, indicating the absence of fluxional processes and so any of the following structures are possible*.
Hydrogen atom coordinates, anisotropic temperature factors and structure factors listing have been deposited as Supplementary Publication nr. CSD 52898. Copies can be obtained through the Fachinformations-Zentrum Energie, Physik, Mathematik, D-7514 EggensteinLeopoldshafen.
